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Abstract 
Natural radiation is the largest contributor to the collective radiation dose to the world population. Relatively constant 
exposure to the population at a location for a considerable period of time is the cause of radiation hazard to the population. 
The earth is radioactive since its creation. The radioactive elements such as uranium, radium and radon are present in soil, 
air and water. The inhalation and ingestion of these radionuclides, above the permissible level, becomes a health hazard. 
In the present investigation, uranium concentration has been determined by EDXRF technique and radium and radon 
exhalation rate of soil samples have been determined by Can technique method. Uranium concentration in soil samples 
has been found to vary from 1.47 ppm to 10.66 ppm whereas radium concentration varies from 10.54 Bq/kg to 49.67 
Bq/kg. The radon exhalation rate in these samples has been found to vary from 502.34 mBqm-2h-1 to 2062.53 mBqm-2h-1. 
A good positive correlation coefficient (R= 0.98) has been observed between uranium concentration and radon exhalation 
rate of soil samples.  
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People are exposed to ionizing radiation from naturally occurring radionuclides that are present in the soil. 
Radionuclides in soils, belonging to 232Th and 238U series as well as radioisotope of potassium (40K) are the 
major contributors of outdoor terrestrial natural radiation [1]. Radon has been found to be ubiquitous indoor 
radioactive air pollutant to which man is exposed [2]. 
Uranium, the heaviest radioactive toxic element belonging to actinide series is present naturally in virtually 
all soil, rock and water as trace element. The most important radio nuclides radium -226 and radon-222 are 
the decay products of the dominant isotope of uranium U-235. Radon isotopes are the daughter product of 
radium which under ordinary conditions of temperature and pressure is a solid, and decays to radon emitting 
alpha particle following gamma radiation [3]. As radium is a decay product of U-238, Th-232 and U-235, 
hence the concentration of uranium and thorium in the soil materials determines the amount of radon 
produced in the soil [4]. Radon is a significant contaminant that affects indoor air quality worldwide. Radon 
gas from natural sources can accumulate in buildings [5]. 
Radon being an inert gas and having sufficient half life can diffuse through the soil and enter the 
atmosphere. The radon produced in the soil migrates through the mechanism of emanation, diffusion and 
convection through pore spaces in solid, fractures in rocks and along with weak zones such as shear, faults 
thrust etc. The amount of radon that escapes from the earth depends mainly on the amount of 226Ra and 232Th, 
in the ground along with other factors like the type of soil cover porosity etc [4]. 
The concentration of radon and its decay products show large temporal and local fluctuations in the indoor 
and outdoor atmosphere depending upon the building materials, underground soils ventilation conditions and 
wind speed etc.[6]. Being the terrestrial origin most building materials also contain radium and consequently 
are potential sources of radon exposure. Water and energy sources like cooking gas and coal used for 
domestic purposes are other major sources of radon in house [7].  
The inhalation of radon and its short lived daughters (218Po, 214Po) in dwelling is one of the radiation risks 
for the population. Upon inhalation the radon and its progeny will enter the human lungs and will be 
deposited there. The radiations emitted by these progeny damages the sensitive tissues in the lungs and may 
cause lung cancer. Some fractions of radon progeny will also penetrate into the blood from the lungs and 
irradiate the whole human body [8]. In this work we have made an attempt to find uranium and radium 
concentration in the soil samples and the radon exhalation rate of soil samples of few places of Karbi Anglong 
District of Assam and hence to find out the possible correlation between the uranium and radon exhalation 
rate.  
2. Experimental Procedure 
2.1. For the measurement of uranium concentration in soil samples 
For the measurement of uranium concentration, we have used the EDXRF facility of Advanced 
Instrumentation Research facility (AIRF Laboratory), Jawaharlal Nehru University, New Delhi, India under 
Department of Science and Technology, Govt. of India.  
2.2. For the measurement of radium and radon exhalation rate in soil samples 
For the measurement of radium and radon exhalation rate in soil samples we have used the sam
dopted by Abu Jarad and Khan et al. [9] - [10].  
The collected soil samples were dried, powdered and kept inside the sealed bottles for a period of 30 days 
to obtain the equilibrium radon concentration inside the chamber. The detectors were then exposed to register 
-particle tracks due to decay of radon and left undisturbed for a period of 90 days. The detectors were then 
188   Ranjan Kr. Kakati et al. /  APCBEE Procedia  5 ( 2013 )  186 – 191 
etched in 2.5N NaOH solution and tracks were counted using Spark counter.  
The radium concentration in soil is calculated using the relation [11].  
CRA=  
e
hA
KT M
   (1) 
Where CRA  is the effective radium content of the given sample (Bq/kg), (track cm-2), 
A is the area of cross section of the bottle (7.55x10-3 m2) , h is the distance between the detector and the top of 
the sample(0.153m), K is the sensitivity factor which is equal to 0.0245 tracks cm-2 d-1 per Bq m-3 [12] and Te 
is the effective exposure time (in days).            
The radon exhalation rate in terms of area is obtained from the expression [13-14]. 
EA = 
]1)(1[ TEXPTA
CV   (2) 
Where EA is radon exhalation rate in terms of area (Bq m-2 hr-1); C the integrated radon exposure as 
measured by LR-115 plastic track detector (Bq m-3 .hr), V the effective volume of the can (m3
constant for radon (hr-1), T the exposure time (hr), A the area of the can (m2) and M is the mass of the soil 
sample (250gm). 
3. Brief Geology of the Study area 
Karbi Anglong district of Assam, India is one of the most geographically remote hilly district of Assam 
that is sharing its border with the state of Meghalaya. The global position of Karbi Anglong district is - 
latitudinal extension 25o32/ North - 26033/ North and longitudinal extension 92009/ East - 93052/ East. The 
district is believed to be situated over zones of structural weakness as is evident from existence of a number of 
hot fluid channels (hot water springs) at different parts of the district.  
Table 1: Values of Uranium, radium and radon exhalation of soil samples using EDXRF and can technique method. 
Sl No and Sample No.  Uranium concentration 
(ppm) 
Radon Exhalation 
Rate(mBqm-2h-1) 
Radium  
Concentration (Bq/kg) 
1(KA-1) 2.60 780.17 17.26 
2(KA-2) 3.50 1015 21.48 
3(KA-3) 2.90 830.43 18.27 
4(KA-4) 10.66 2062.53 49.67 
5(KA-5) 4.16 1160.11 25.66 
6(KA-6) 8.98 1863.10 40.50 
7(KA-7) 2.72 651.42 15.23 
8(KA-8) 1.47 502.34 10.54 
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9(KA-9) 6.25 1352.66 29.21 
10(KA-10) 8.40 1825.66 41.23 
11(KA-11) 1.82 553.21 12.60 
12(KA-12) 2.92 710.26 15.33 
13(KA-13) 1.68 512.42 11.70 
14(KA-14) 3.22 860.21 20.55 
15(KA-15) 4.32 940.55 20.23 
4. Results and discussion 
The observed values of uranium, radium and radon exhalation rate of soil samples of different places of 
Karbi Anglong District of Assam are shown in Table 1. Table 1 show an increased value of radon exhalation 
rate of soil samples at most of the places where the uranium concentrations are also found to be relatively 
large. 
Uranium concentrations are found to vary from 1.47 ppm to 10.66 ppm. In most of the places, the uranium 
concentration is higher than the average concentration of uranium in soil of 3 ppm [15] [16].The radon 
exhalation rates, on the other hand are found to vary from 502.34 mBqm-2h-1 to 2062.53 mBqm-2h-1. The 
observed exhalation rate is much higher than the typical value which is 0.02 Bqm-2s-1[17]. The observed 
exhalation rates are about 5 - 26 times larger than the typical value of exhalation rate of radon in soil. The 
radium concentration varies from 10.54 Bq/kg to 49.67 Bq/kg in the studied locations.  
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Fig. 1. The variation of radon exhalation rate with uranium concentration in soil.  
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Fig. 2. Radium Vs radon exhalation rate in soil samples. 
In order to observe a correlation between the uranium concentration and radon exhalation rate of soil 
samples, a graph had been plotted between uranium concentration in soil against radon exhalation rate of soil 
samples of different places of Karbi Anglong District of Assam (fig.1) and the correlation coefficient was 
calculated. A good correlation (correlation coefficient =0.98) has been observed between uranium 
concentration and radon exhalation rate of soil samples. A graph had been plotted between radium 
concentration and radon exhalation rate and a good correlation coefficient(R=0.99) has been observed (fig.2). 
Similar results were reported by [13]; [18]; [19]; [20].     
5. Conclusions 
The concentrations of uranium have been measured using EDXRF technique and the Can technique 
method has been observed for the measurement of radium and radon exhalation rate of soil samples. A good 
positive correlation coefficient indicates the inter-relation between uranium and radon exhalation rate of soil 
samples. In most of the places the uranium concentrations are higher than world average concentration of 
uranium in soil. The samples may be further studied using Gamma Ray Spectroscopy method to get some 
valuable information regarding the possibility of uranium deposition in the studied locations.      
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